Introduction
We present a novel complication of intracranial fat migration following placement of a lumbar drain and fat graft due to a cerebrospinal fluid (CSF) leak in a patient who had undergone pineal cyst removal. Pineal cysts typically are asymptomatic and are often discovered incidentally on imaging [1, 2] . Manifestations of pineal cysts are usually secondary to mass effect on nearby structures and can include non-specific symptoms such as headaches, nausea, and vomiting [3, 4] . Pineal cysts can be removed with radical surgical resection and the procedure is often curative [5] .
Complications following surgery include CSF leakage (5.7%), aseptic meningitis (1.9%), and superficial wound infection (1.9%) [6] . Our patient demonstrated postoperative wound infection and CSF leak that eventually required use of an autologous fat graft and lumbar drain. Complications following placement of lumbar drains include subdural or subarachnoid hemorrhage (1.7%), lowpressure headache (1.7%), and local infection (.8%) [7] . While early CSF leaks can be treated with lumbar drain alone, delayed CSF leaks often require surgery [8] . CSF leaks can be repaired with autologous fat grafts, which have been associated with few complications and have proven to be an effective method of controlling CSF leaks [8] . The use of autologous fat grafts presents 1% complication rates, which include fat necrosis, CSF leakage, and lipoid meningitis [9] . There are currently no case reports in the literature that present a patient with an autologous fat graft entering the subarachnoid and intraparenchymal space theoretically due to reduced pressure from lumbar drainage.
Case presentation
Patient P.S. is a 39-year-old male with a history of headaches dating back to 2000. He was diagnosed with a small pineal cyst at that time, and routine follow-up was recommended. In 2010, his headaches worsened, and he began having daily left eye pain and double vision on upward and left lateral gaze. His gait was normal with mild unsteadiness on heel-to-toe tandem walking. resonance imaging (MRI) demonstrated an approximately 1.5 cm diameter pineal cyst in the quadrigeminal cistern causing significant compression of the underlying superior colliculus and inferior colliculus of the midbrain (Fig. 1 ). This had been slowly enlarging. A stereotactic-guided supracerebellar infratentorial approach was used for resection of the pineal cyst. The incision was made from slightly above the inion at the midline to the level of C2. A standard midline scalp and muscle dissection was performed and a standard suboccipital craniotomy was performed. The superior portion of the craniotomy allowed for visualization of the lower half of the transverse sinus but did not extend above the transverse sinus. The dura was opened in a Y-shaped fashion and care was taken to gently retract the cerebellum inferiorly while coagulating and cutting the veins between the tentorium and the cerebellum. The arachnoid overlying the quadrigeminal plate cistern was opened. The precentral cerebellar vein was coagulated and divided before the pineal cyst came into view. After exposing the pineal cyst, the cyst was drained. Then the entire cyst was meticulously dissected from the surrounding cistern and from the tectal plate of the midbrain. The tentorium was not incised at any point during the case. There were no immediate postoperative complications and he was ambulating and stable at the time of discharge.
On the afternoon of his discharge, he started to have a severe headache that he described as the worst headache of his life. He, therefore, called the ambulance to bring him back to the hospital. A head computed tomography (CT) scan was obtained that showed no signs of intracranial hemorrhage. He was admitted for pain control and further workup. Over the next 24 hours, he had serosanguinous drainage from the incision site, that then changed to a large amount of purulent drainage. He was immediately brought back to the operating room for wound washout and lumbar drain placement. The superficial abscess was washed out and the bone was removed. There were two area of CSF leaking from the dura, and these were primary closed using 4-0 neurilon sutures as well as placement of surgical adjuvants over the repair including Duragen and duraseal. The muscle and fascia were then closed with 0-vicryl sutures in multiple layers and the galea closed using 3-0 interrupted inverted vicryl sutures. The skin was closed using a running 3-0 nylon suture. A lumbar drain was placed to help with CSF diversion at a rate of 10 cc per hour. Wound and CSF cultures grew out Escherichia coli (E. Coli) that was treated with Ceftriaxone, Vancomycin and Metronidazole. Following the return of the sensitivities, he was then narrowed to Ceftriaxone alone for a total antibiotics course of six weeks.
Over the subsequent days, the patient began to show signs of improvement with reduced leukocytosis and pain control. The lumbar drain was removed after no signs of CSF leak and the patient was discharged on antibiotics. However, CSF began leaking again two weeks after initial repair. He was therefore brought back to the operating room for a repair of his leak using autologous adipose tissue graft and lumbar drain placement. Approximately, five pieces of autologous adipose tissue were placed over the dura inferior to the transverse sinus and used to seal the dural closure completely. Another layer of closure was performed with Duraseal. Then, a titanium mesh plate was used to hold the adipose graft firmly against the dural closure. This resulted in the following layers of closure: dura, Duragen, duraseal, adipose graft, additional duraseal, titanium mesh plate, scalp. The patient continued to improve neurologically with lumbar drain management draining approximately 10 cc per hour. Three days following the autologous adipose tissue graft, the patient complained of new right homonymous hemianopia. A CT scan (Fig. 2) and MRI (Fig. 3) were done and showed no acute stroke, infection, or hemorrhage. However, our theory is that due to the pressure change with the lumbar drain, the epidural fat was sucked into the subarachnoid and intraparenchymal space of the occipital lobe, extending into the basal cistern, prepontine cistern, left lateral ventricle, third ventricle, and fourth ventricle, which caused transient right visual field cut disturbance. The lumbar drain was immediately clamped and later removed. His symptoms rapidly improved over the next 48 hours and were nearly resolved at the time of discharge.
After Patient P.S. had his lumbar drain removed, he continued to do well with no further leaking from his incision. He was monitored for hydrocephalus for one week but did not exhibit any new symptoms. He was deemed stable for discharge home one week following the graft. The patient was discharged with a peripherally inserted central cathetar on IV Vancomycin, IV Ceftriaxone and Metronidazole until sensitivities returned. He was then narrowed to Ceftriaxone alone following the return of sensitivities for a total of six weeks. He was instructed to call the physician for worsening neurological symptoms, fever, increased pain, or signs of infection. Follow-up at two and three months showed no recurrence of his pineal cyst. Follow-up at six months revealed continued resolution of his symptoms. His CT and MRI (Fig. 4) from early April 2011 demonstrated near resolution of the fat migration.
Discussion
This is the first report of a patient with an autologous fat graft entering the subarachnoid space, intraparenchymal space, and ventricles following fat graft and lumbar drainage. It demonstrates the importance of monitoring post-lumbar drain complications. Lumbar drainage is, in general, a very effective and safe procedure. Studies demonstrate between a 68.8% and 87% success rate for repair of CSF leaks with lumbar drainage [10, 11] . In a study of 412 patients who underwent posterior cranial fossa surgery by the retrosigmoid approach for a variety of diseases, 32 had CSF leaks, 10 of which were treated conservatively, 12 with lumbar drains, and 10 requiring surgical repair [10] . Notably, use of a fascia lata graft is another alternative for treatment of CSF leakage in the presence of infection as it is associated with minimal to no complications [12] .
Autologous fat graft migration has been described following retroauricular craniotomy, with some cases leading to brain stem compression [13] [14] [15] [16] . Additionally, adipose migration has been described following lumbar surgery leading to complications of cauda equina syndrome, recurrent sciatica, and root compression [17] [18] [19] [20] [21] [22] .
As this is the first report of an autologous fat graft entering the subarachnoid space and ventricles, there is no consensus on a method for management of intracranial fat migration. In this case, the patient's new right homonymous hemianopia resolved with supportive care alone within 48 hours. Scans six months later demonstrated significant decrease in the amount of intracranial fat with supportive management alone. There has been no comparison for outcomes with supportive vs. surgical treatment and removal of autologous fat graft.
Conclusion
This case demonstrates a new complication of CSF leak repair with autologous fat grafts following supracerebellar infratentorial approach. It highlights the importance of monitoring post-repair signs and symptoms for changes that may demonstrate fat graft migration. Physicians should be aware of this complication when explaining the procedure to patients and consider supportive care when it occurs.
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